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(54) A method of driving a liquid crystal display device and a liquid crystal display device 



(57) A method of driving a display device makes use 
of the dynamic variation in the brightness of a surface 
mode liquid crystal device cell having liquid crystal layer 
with a non-zero twist angle. It has been found that when 
the applied voltage across such.a cell is decreased, the 
brightness does not increase smoothly to its new value, 
but instead rises rapidly, reaches a non-equilibrium 
maximum value, and then slowly decays to the equilib- 



rium value. According to the present invention, the liquid 
crystal layer is switched before the equilibrium value of 
the brightness has been reached, so as to make use of 
the non-equilibrium increased brightness and so in- 
crease the brightness of the display. 

The present invention also provides a liquid crystal 
display device having means fordriving the liquid crystal 
layer so as to make use of the dynamic variation in the 
brightness of the liquid crystal device. 
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Description 

[0001] The present invention relates to a method of 
driving a liquid crystal display device, and in particular 
to a method of driving a surface mode LCD such as a 
pi-cell device. It also relates to a liquid crystal display 
device. 

[0002] The pi-cell (otherwise known as an "optically 
compensated birefringent device" or OCB) is described 
in "Mol. Cryst. Liq. Cryst.", 1 984, Vol 1 1 3, p329-339, and 
in US patent 4 635 051 . The structure of a pi-cell is sche- 
matically illustrated in Figure 1(a). The device compris- 
es transparent substrates 2, 2' on which are disposed 
alignment layers 3, 3'. A layer of nematic liquid crystal 
1 is disposed between the substrates 2, 2*. 
[0003] The alignment layers 3, 3' create parallel align- 
ment of the liquid crystal molecules in the liquid crystal 
layer 1 at Its boundaries with the alignment layers 3, 3*. 
This can be achieved by using parallel-rubbed polya- 
mide alignment layers. The pretilt induced by the align- 
ment layers is generally under 45°and is typically in the 
range 2° to 10°. 

[0004] Addressing electrodes (not shown) are provid- 
ed on the substrates 2, 2', so that an electric field can 
be applied to selected areas of the liquid crystal layer. 
[0005] Figure 1 (a) shows the device when no electric 
field is applied across the liquid crystal layer. The liquid 
crystal is in an H-state (homogenous state, also known 
as a splay state), in which the liquid crystal molecules 
in the centre of the liquid crystal layer are substantially 
parallel to the substrates. The short lines in the figure 
represent the director of the liquid crystal molecules. 
[0006] When an electric field greater than a threshold 
value is applied across the liquid crystal layer, the liquid 
crystal molecules adopt a V-state (or a bend state). In 
this state, the liquid crystal molecules in the centre of 
the liquid crystal layer are substantially perpendicular to 
the substrates. Figure 1 (b) shows a first V-state which 
occurs at a low applied voltage across the liquid crystal 
layer, and Figure 1 (c) shows a second V-state which oc- 
curs when a higher voltage is applied across the liquid 
crystal layer. The pi-cell is operated by switching the liq- 
uid crystal layer between the first, low voltage V-state 
and the second, higher voltage V-state. 
[0007] As can be seen by comparing Figures 1 (b) and 
1 (c), modulating the electric field applied across the liq- 
uid cryslal layer causes the director of liquid cryslal mol- 
ecules close to the substrates to be reoriented, while the 
directors of liquid crystal molecules in the central region 
(in the thickness direction) of the liquid crystal layer re- 
main substantially perpendicularto the plane of the sub- 
strates. For this reason, the pi-cell is known as a surface 
mode device, and operates with the director in a bend 
state. Surface mode LCDs are disclosed in "So v. J. 
Quant. Electronics", 1973, Vol 3, page 78 - 79. 
[0008] Surface mode devices have the advantage 
that they tend to exhibit a more rapid electro-optic re- 
sponse than most other nematic liquid crystal devices. 



Since liquid crystals have optically anisotropic proper- 
ties, placing a pi-cell between two polarisers and varying 
the voltage applied across the liquid crystal layer causes 
a variation in the optical transmission, and this makes 
5 possible the formation of a light modulating device. For 
example, a pi-cell may be placed between linear polar- 
isers whose transmission axis are crossed with one an- 
other and are at 45° to the optic axis of the liquid crystal 
layer. Alternatively, a pi-cell may be arranged to operate 
10 jn a reflective mode using only a single polariser. 

[0009] One known problem is that when the electric 
field across the liquid crystal layer is reduced below the 
threshold voltage for the transition from the H-state to 
the V-state, the directors of the liquid crystal molecules 
15 adopt the H-state, or splay-state, shown in Figure 1 (a). 
The transition from this OV splay-state to the required 
operating state is slow, and when a display device that 
incorporates a pi-cell is turned on there is a delay before 
the required operating slate forms. 
[0010] One attempt to overcome this problem, often 
referred to as the "nucleation problem", is described in 
US patent No. 4 566 756. This patent addresses the nu- 
cleation problem by adding a chiral material to the liquid 
crystal, so that the liquid crystal director adopts a 1 80° 
twist state under a condition of no applied voltage. This 
is shown in Figure 2. In contrast, the device illustrated 
in Figures 1 (a) to 1 (c) has a 0° twist angle. 
[0011] When a sufficiently high voltage (typically 
around 3V or greater) is applied across a chiral doped 
pi-cell having a 180° twist angle it will exhibit an essen- 
tially identical director bend state to a non-doped, 0° 
twist pi-cell. In fact, a 180° twist pi-cell does not reach 
a true bend state (that is, a state where the director in 
the central region of the liquid crystal layer is perpendic- 
ular to the substrates) at any finite voltage. However, at 
high applied voltages the liquid crystal state of a 180° 
twist pi-cell is a good approximation to a bend state. In 
contrast, at low voltages (typically around 3V or below), 
a chiral doped pi-cell and a non-doped pi-cell will differ 
significantly in their operating properties. 
[0012] Although a chiral doped 1 80° twist state pi-cell 
of the type disclosed in US Patent No. 4 566 756 over- 
comes the nucleation problem, it has the disadvantage 
that the voltage applied over the pi-cell must remain 
above a certain level (typically around 3V or above) to 
ensure that the device operates in a surface mode. For 
example, if the voltage applied to such a device were 
switched between OV and 1 0V the director of liquid crys- 
tal molecules in the centre of the liquid crystal layer 
would switch between 0° (that is, parallel to the sub- 
strates) and substantially 90° (that is, substantially per- 
pendicular to the plane of the substrates). The device 
clearly would riot then perform as a surface mode 
switching device, and thus would not achieve the high 
speed of operation expected for a surface mode device. 
[0013] In order for the pi-cell disclosed in US patent 
No. 4 566 756 to function as a surface mode device and 
thus retain the short switching time associated with a 
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surface mode device, It is necessary for the voltage ap- 
plied across the pi-cell not to fall below around 3V. This 
requirement means that the full range of optical re- 
sponse of liquid crystal is not available. In particular, 
bright regions of the optical response curve may not be 
available. 

[0014] Figure 3 is a schematic illustration of the rela- 
tionship between equilibrium optical transmissivity of a 
chiral doped 180° twist pi-cell against the voltage ap- 
plied across the cell. Curves of this sort are routinely 
used to determine the voltages that should be applied 
across a liquid crystal layer in a display device. The in- 
serts in Figure 3 schematically show the director config- 
uration of the liquid crystal molecules for various applied 
voltages. 

[0015] When voltage D is applied across the liquid 
crystal layer, the display has a low transmissivity, and 
the director of liquid crystal molecules in the centre of 
the liquid crystal layer is predominantly perpendicular to 
the cell substrates. That is, the liquid crystal state is a 
close approximation to a bend state. In contrast, when 
a voltage close to zero (voltage A) is applied across the 
liquid crystal layer, it adopts a 180° twist state, and the 
director of the molecules in the centre of the liquid crystal 
layer is parallel to the plane of the substrates. At inter- 
mediate voltages, the liquid crystal undergoes a com- 
plex variation in its optical transmissivity as the mole- 
cules re-orient themselves under the action of the ap- 
plied voltage. 

[001 6] It will be seen that the transmissivity of the pi- 
cell only slowly tends towards zero as the applied volt- 
age increases. It may therefore be desirable to incorpo- 
rate a fixed retarder in a pi-cell, so that zero transmis- 
sivity is obtained at a finite applied voltage. 
[001 7] From a consideration of just the transmissivity 
of the liquid crystal device, it might appear most favour- 
able to drive the liquid crystal device between a voltage 
such as D, where the liquid crystal device has a low 
transmissivity, and a voltage such as B where the liquid 
crystal device has a high, close to 100%, transmissivity 
in order to maximise the contrast. However, when volt- 
age B is applied across the liquid crystal layer the ori- 
entation state of the liquid crystal molecules is not close 
to a bend state, since the director of liquid crystal mol- 
ecules in the centre of the liquid crystal layer deviates 
significantly from the direction perpendicular to the sub- 
strates of the device. Thus, if the device were operated 
by switching the applied voltage between B and D, the 
device would not operate as a surface mode device, and 
would not achieve the rapid switching of a surface mode 
device. In order to operate the device in the surface 
mode it is necessary to vary the voltage between C and 
D to ensure that the central director remains substan- 
tially perpendicular to the substrates. Although operat- 
ing the device in this way achieves rapid switching, it 
has the disadvantage that the maximum transmissivity 
of the display device that can be obtained is well below 
100%, and this reduces the brightness and contrast of 



the display. 

[0018] EP-A-0 149 899 discloses a method of driving 
a ferroelectric liquid crystal display device. A direct cur- 
rent voltage is applied across the liquid crystal layer to 
5 provide the liquid crystal layer with a first transmissivity. 
The transmissivity of the ferroelectric liquid crystal layer 
is then altered, by applying an alternating current volt- 
age across the liquid crystal layer. The alternating cur- 
rent voltage has a different magnitude to the previously- 
10 applied direct current voltage. 

[0019] US-A-4 773 71 6 discloses a method of driving 
a ferroelectric liquid crystal display device. Two or more 
high voltage pulses are applied to put the ferroelectric 
liquid crystal layer into a particular state and, once this 

*5 has been done, pulses having a lower voltage are ap- 
plied to maintain the ferroelectric liquid crystal in the se- 
lected state for the remainder of a frame. 
[0020] A first aspect of the present Invention provides 
a method of driving a surface-mode liquid crystal display 

20 device including a liquid crystal layer having a non-zero 
twist angle, the method comprising the step of: applying 
a first voltage having a first magnitude across the liquid 
crystal layer to put the liquid crystal layer into a first liquid 
crystal state; the method being characterised in that it 

25 further comprises changing the magnitude of the volt- 
age applied across the liquid crystal layer while the 
brightness of the liquid crystal display device is greater 
than the equilibrium brightness value associated with 
the first liquid crystal state! 

so [0021] It has been found that if the voltage applied 
across a liquid crystal layer of a surface mode liquid 
crystal display device having a non-zero twist angle liq- 
uid crystal layer is changed the brightness does not 
change monotonicajly. For example if the applied volt- 

35 age is reduced in order to increase the brightness of the 
liquid crystal device, the brightness of the liquid crystal 
device does not rise monotonically to the new equilibri- 
um value. Instead, the brightness rises rapidly to a value 
that is greaterthan the equilibrium value, and then slow- 

^0 |y decreases to the equilibrium value. If the voltage ap- 
plied across the liquid crystal layer is subsequently 
changed while the brightness of the liquid crystal device 
is greater than its equilibrium value, the brightness of 
the display can be increased, in the case of a transmis- 

45 sive display device the transmissivity Is increased and 
in the case of a reflective device the reflectivity is in- 
creased. 

[0022] The step of changing the magnitude of the volt- 
age applied across the liquid crystal layer may be per- 

50 formed before the director of liquid crystal molecules in 
the centre in a thickness direction of the liquid crystal 
layer has substantially reached its equilibrium orienta- 
tion associated with the first liquid crystal state. 
[0023] The step of changing the magnitude of the volt- 

55 age applied across the liquid crystal layer may be car- 
ried out after no more than 50% of the time required for 
the brightness of the liquid crystal device to reach sub- 
stantially the equilibrium value associated with the first 
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liquid crystal state. The magnitude of the voltage applied 
across the liquid crystal layer may be changed after ap- 
proximately 32% of the time required for the brightness 
of the liQuid crystal device to reach substantially the 
equilibrium value associated with the first liquid crystal 
state. The magnitude of the voltage applied across the 
liquid crystal layer may be changed no later than ap- 
proximately 1 6msec after the step of applying the first 
voltage: In these cases, the voltage applied across the 
liquid crystal layer is changed before the brightness of 
the liquid crystal device has decayed to its equilibrium 
value, so that the brightness of the display is increased. 
[0024] The method may further comprise the step of 
putting the liquid crystal layer into a known liquid crystal 
state before performing the step of applying the first volt- 
age. The step of putting the liquid crystal layer into a 
known liquid crystal state may comprise applying a 
blanking voltage to the liquid crystal layer. This enables 
reproducible grey scale levels lo be obtained. 
[0025] The magnitude of the blanking voltage may be 
dependent on the temperature of the liquid crystal layer. 
As the temperature of the liquid crystal layer varies, the 
viscous properties of the liquid crystal layer will change. 
Varying the magnitude of tho blanking voltage with tho 
temperature of the liquid crystal layer will compensate 
for any changes in the viscous properties of the liquid 
crystal layer. 

[0026] The liquid crystal layer may contain a chiral do- 
pant. The pitch induced by the chiral dopant in the liquid 
crystal may decrease with temperature. This is an alter- 
native way to counteract the increase in viscosity of a 
liquid crystal material that generally occurs as the tem- 
perature rises. 

[0027] The chiral dopant may induce a twist in the di- 
rector of the liquid crystal molecules having a pitch p 
such that d/p = 0.25, where d is the thickness of the liquid 
crystal layer. Alternatively, the chiral dopant may induce 
a twist in the director of the liquid crystal molecules hav- 
ing a pitch p such that d/p > 0.25, where d is the thick- 
ness of the liquid crystal layer. The chiral dopant may 
induce a twist in the director of the liquid crystal such 
that 0.25 < d/p < 0.5. A lower d/p ratio results in less 
temporal variation in the brightness of the liquid crystal 
display device once the peak brightness has been 
reached. For a relatively long frame time, use of a liquid 
crystal layer with a low d/p ratio will minimise variations 
in brightness over the duration of the frame. 
[0028] The twist angle of the liquid crystal layer may 
be substantially 180°. 

[0029] The liquid crystal display device may be an ac- 
tive matrix display device comprising an array of pixels, 
each pixel being defined by a corresponding pixel elec- 
trode, M strobe electrodes and N signal electrodes, and 
the method may comprise, in a frame, the steps of: 

(a) applying a blanking voltage to each of the pixels; 

(b) applying a respective signal voltage correspond- 
ing to desired image data to each of the pixels; 



(c) allowing the liquid crystal molecules to switch 
states; and 

(d) displaying the image. 

5 [0030] The step (a) may comprise applying the blan k- 
ing voltage substantially simultaneously to all pixels. Al- 
ternatively, the step (a) may comprise applying the 
blanking voltage to pixels associated with each strobe 
electrode in sequence. 

w [0031] The step (b) may comprise applying the signal 
voltages to pixels associated with each strobe electrode 
in the sequence 1 , 3, 5...M, M-1 , M-3,... 6, 4, 2 (M odd) 
or 1 , 3, 5.. .M-1 , M, M-2, ...6, 4, 2 (M even). By address- 
ing the strobe electrodes in this way any brightness var- 

15 iation in a particular row of pixels will tend to be com- 
pensated by adjacent rows of pixels, since adjacent 
rows of pixels will be addressed at different times and 
so will be at different points along the characteristic 
curve of the Iransmissivily against lime. 

20 [0032] The combined duration of steps (a) to (d) may 
be substantially 1 6msec and the duration of step (c) may 
be substantially 7msec. 

[0033] The display device may comprise a backlight, 
and the backlight may bo on during all of stops (a) to (d). 
25 [0034] The display device may comprise a backlight 
wherein the backlight is on for only part of a frame. The 
backlight may be off during step (a). 
[0035] The device may be a pi-cell, and may have d/ 
p* 0. 

30 [0036] A second aspect of the present invention pro- 
vides a surface mode liquid crystal display device com- 
prising: a liquid crystal layer having a non-zero twist an- 
gle; means for applying a first voltage having a first mag- 
nitude across a selected portion of the liquid crystal layer 

35 to put the selected portion of the liquid crystal layer into 
a first liquid crystal state; and means for changing a 
magnitude of the voltage applied across the selected 
portion of the liquid crystal layer while the brightness of 
the part of the liquid crystal device corresponding to the 

40 selected portion of the liquid crystal layer is greaterthan 
the equilibrium value of the brightness associated with 
the first liquid crystal state. . 

[0037] Preferred embodiments of the present inven- 
tion will now be described by way of illustrative exarn- 
45 pies with reference to the accompanying drawings in 
which: 

Figure 1 (a) is a schematic sectional view of a zero- 
twist pi-cell under the condition of no applied volt- 
50 age; 

Figure 1 (b) is a schematic view of the device of Fig- 
ure 1 (a) when a low voltage is applied across the 
liquid crystal layer; 

55 

Figure 1 (c) is a schematic view of the device of Fig- 
ure 1 (a) when a larger voltage is applied across the 
liquid crystal layer; 
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Figure 2 is a schematic sectional view showing the 
liquid crystal orientation under conditions of no ap- 
plied voltage in a chiral-doped pi-cell having a non- 
zero twist angle; 

Figure 3 is a schematic curve of the equilibrium 
transmissivity against applied voltage for the device 
of Figure 2; 

Figure 4 illustrates the variation of the equilibrium 
transmissivity against applied voltage for a trans- 
missive pi-cell incorporating a layer of chirally 
doped liquid crystal material E7; 

Figure 5 shows the variation in transmissivity as a 
function of time when the voltage applied across the 
pi-cell of Figure 4 is reduced; 

Figure 6 shows the director till angle and the direc- 
tor twist angle for the liquid crystal layer of the pi- 
cell of Figure 4 before and at various times after the 
applied voltage is reduced; 

Figure 7 is a schematic plan view of an active matrix 
pi-cell; 

Figure 8(a) shows schematic driving waveforms for 
an active matrix pi-cell according to an embodiment 
of the invention; 

Figure 8(b) shows schematic driving waveforms ac- 
cording to another embodiment of the invention; 
and 

Figure 9 shows the effect of the thickness-to-pitch 
ratio of the liquid crystal layer on the temporal var- 
iation in transmissivity after a reduction in the volt- 
age applied to a pi-cell. 

[0038] Figure 4 illustrates the transmissivity against 
applied voltage characteristic for a transmissive pi-cell 
incorporating a layer of the nematic liquid crystal mate- 
rial E7 (produced by Merck Limited). The basic structure 
of the pi-cell is the same as the prior art pi-cell shown in 
Figures 1 (a) to 1 (c). The liquid crystal layer has a thick- 
ness d = 6.4ujti, and the pretilt angle induced by the 
alignment layers 3,3* is approximately 2°. The liquid 
crystal layer is doped with the chiral material CB 1 5 (pro- 
duced by Merck Limited) to produce a thickness-to-pitch 
ratio, d/p, of 0.27 (p is the pitch of the twist induced in 
the director of the liquid crystal molecules by the chiral 
dopant) . For a transmissive device, the brightness of the 
device is proportional to the transmissivity of the device. 
[0039] The transmissivity versus voltage characteris- 
tic shown in Figure 4 has the same general form as that 
shown in Figure 3. The characteristic suggests that 
switching between an applied voltage of approximately 
7V and an applied voltage of approximately 4V will result 



in a change in the transmissivity from approximately 
0.25 to approximately 2 (the transmissivity is measured 
in arbitrary units). (It should be noted that the voltage 
. applied to a pi-cell may be an alternating voltage, and 
5 in this case voltages mentioned are peak voltages of the 
a.c. waveform.) 

[0040] Figure 5 illustrates the variation of the trans- 
missivity of the pi-cell of Figure 4 as a function of time 
when the applied voltage is changed. The applied volt- 
10 age waveform is shown in the upper trace of Figure 5, 
and it can be seen that the applied voltage is an a.c. 
voltage and that the peak voltage of the applied a.c. volt- 
age is reduced from approximately 8V to approximately 
4Vattimet = 0. 

15 [0041] The lower trace in Figures illustrates the trans- 
missivity of the pi-cell. It can be seen that at times up to 
t = 0 - that is, at times when the applied voltage has a 
peak value of 8 V - the transmissivity is substantially con- 
slant at around 0.25 (arbitrary units). When the magni- 

20 tude of the applied voltage is reduced, the transmissivity 
of the liquid crystal layer does not change monotonically 
to the new value of approximately 2. Instead, the trans- 
missivity rises rapidly, and reaches a peak value of 
around 2.5 approximately 10-15 msec after the change 

25 in applied voltage. The transmissivity then gradually de- 
cays to its equilibrium value. To be exact, the equilibrium 
value of the transmissivity is reached only after an infi- 
nite time, but in Figure 5 the transmissivity has substan- 
tially reached its new equilibrium value approximately 

30 50 msec after the change in the applied voltage. The 
present invention makes use of this non-equilibrium 
transmissivity versus time characteristic, or dynamic 
transmissivity characteristic, to improve the brightness 
of a surface mode liquid crystal display device. 

35 [0042] The principle of the present invention is to ap- 
ply a first voltage across the liquid crystal layer, and to 
change the voltage before the transmissivity of the liquid 
crystal cell has decayed to the equilibrium value induced 
by the first voltage. In this way, the invention makes use 

40 of the non-equilibrium region in which the transmissivity 
of the device is higher than the equilibrium value. For 
example, it will be seen that for a device having the tem- 
poral variation in transmissivity shown in the lower trace 
in Figure 5, a display period that extends from 10msec 

45 to 20msec (that is, from 1 0msec after the change in ap- 
plied voltage to 20ms after the change in applied volt- 
age) will produce a brighter display than a display period 
that extends from 40msec to 50msec. 
[0043] In one embodiment of the invention, the volt- 

50 age is changed after no more than 50% of the time re- 
quired for the transmissivity of the liquid crystal layer to 
substantially reach the equilibrium value induced by the 
first voltage (this corresponds to switching no more than 
25 msec after applying the voltage if the time taken to 

55 substantially reach the equilibrium is 50msec). 

[0044] Alternatively, the voltage can be changed after 
32% of the time required for the transmissivity of the liq- 
uid crystal layer to substantially reach the equilibrium 
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value induced by the first voltage. This corresponds to 
switching after 16msec when the time taken to reach 
equilibrium is 50msec. 

[0045] Of course, the preferable switching times will 
be determined by the exact form of the temporal varia- 
tion of the transmissrvity after a change in applied volt- 
age for the particular liquid crystal material that is used. 
[0046] The dynamic variation of the transmissivity of 
the liquid crystal layer following a change in the applied 
voltage can be explained by considering the variation of 
the director tilt angle and the director twist angle. These 
are shown in Figure 6 as a function of the distance 
across the liquid crystal layer (normalised to unity). 
[0047] At time t = 0 the liquid crystal layer is initially in 
equilibrium under an applied voltage of 7V. It can be 
seen that throughout the central region of the liquid crys- 
tal layer, and indeed throughout much of the liquid crys- 
tal layer, the director In the t = 0 equilibrium state is tilted 
by almost 90° (the director till angle is shown in contin- 
uous lines and is measured with respect to the plane of 
the substrates, so that a 90° tilt means that the director 
is perpendicular to the substrates). 
[0048] The broken traces illustrate the twist angle of 
the director. At time t = 0 it will bo seen that most of the 
1 80° twist variation is confined to the central region of 
the liquid crystal layer. 

[0049] At time t = 0, the voltage across the liquid crys- 
tal layer is reduced to 2V. Figure 6 shows the director 
tilt angle and the director twist angle every 1 Omsec after 
the change in applied voltage, up to the time t = 50msec. 
It is considered that the liquid crystal state at a time 
t=50msec is substantially a new equilibrium state corre- 
sponding to the new applied voltage of 2V - ie, after 
50msec the difference between the liquid crystal state 
and the new equilibrium state is negligible. 
[0050] It will be seen that 1 0msec after the change in 
applied voltage the director tilt angle has relaxed almost 
to its equilibrium value. However, at t = 10msec the di- 
rector twist angle has not reached its equilibrium value 
and considerable changes in the twist angle occur be- 
tween t = 10msec and t = 50msec. Thus, at time t = 
10msec, although the director tilt angle has largely 
achieved equilibrium the director is considerably less 
twisted than in the equilibrium state. This results in the 
device appearing temporarily brighter, until the director 
twist angle reaches Its equilibrium value. 
[0051 ] Consider driving a device having the transmis- 
sivity versus applied characteristic shown in Figure 4 by 
changing the applied voltage from 8V to 4V, with the ap- 
plied voltage remaining at 4V for 16msec after which 
time the voltage is then changed to a new value V new . 
Figure 5 shows that at time t = 1 6msec after the applied 
voltage is changed from 8V to 4V the transmissrvity of 
the liquid crystal layer has not yet reached its new equi- 
librium value, and this means that the transmissivity that 
will be obtained by applying the voltage V nevv is difficult 
to predict. For example, applying V new following a period 
for which a voltage of 4V has been applied for 16msec 



will produce a different transmissivity than when V new is 
applied after a voltage of 5V has been applied for 
1 6msec. That is, the transmissivity obtained by applying 
V TOW will depend on the voltage history of the liquid crys- 
s tal layer. 

[0052] In order to overcome this problem, and achieve 
reproducible levels of transmissrvity, in an embodiment 
of the invention the voltage applied across the liquid 
crystal layer is briefly changed to some known value, for 

10 example 8V on each occasion before V new is applied. 
This is known as applying a "blanking" voltage before 
applying V new . The blanking voltage is chosen so that it 
will always put the liquid crystal layer into a known liquid 
crystal state, regardless of the liquid crystal state before 

'5 the blanking voltage is applied. The subsequent appli- 
cation of V new will therefore produce a transmissivity of 
the liquid crystal layer which is reproducible (that is, in- 
dependent of the voltage history of the liquid crystal lay- 
er before the blanking voltage is applied). 

20 [0053] Figure 7 schematically shows the electrode 
structure of an active matrix liquid crystal display device. 
In the case of a transmissive device, the general struc- 
ture of the liquid crystal display device will be as shown 
in Figure 1(a) to 1 (c). The device comprises an array of 

25 pjxel electrodes Sy that defines a corresponding array 
of pixels, for example arranged in a matrix of M rows 
and N columns. The pixel electrodes are arranged on 
one of the substrates of the device. A plurality of strobe 
electrodes 6j (i = 1 , 2...M) and signal electrodes 7j (j = 

30 1 1 2...N) are provided on the same substrate as the pix- 
els electrode 5^. A common electrode (not shown) is dis- 
posed on the other of the substrates, and a liquid crystal 
layer is disposed between one substrate and the other 
substrate. 

35 [0054] Each pixel 5 ( j is connected to its associated 
signal electrode 7j by means of a switching device such 
as, for example, a thin film transistor 8y. The gate of each 
of the thin film transistors 8y is connected to an associ- 
ated strobe electrode 6j. A strobe driving circuit 9 and a 
40 signal driving circuit 10 are provided for driving the 
strobe electrodes and the signal electrodes respective- 
ly. When a strobe pulse is applied by the strobe driving 
circuit 9 to a particular strobe electrode 6j, the switching 
elements whose gate is connected to that strobe elec- 
ts trode are turned on and the voltages applied by the sig- 
nal driving circuit 1 0 to the signal electrodes at that time 
are transferred to the pixel electrodes associated with 
that strobe electrode. 

[0055] In a liquid crystal display device of the present 
50 invention, the strobe driving circuit 9 and the signal driv- 
ing circuit 1 0 are adapted to put a selected portion of the 
liquid crystal layer - for example the portion of the liquid 
crystal layer corresponding to one or more selected pix- 
els - into a first liquid crystal state, by applying an ap- 
55 propriate voltage across the selected portion of the liq- 
uid crystal layer. The strobe driving circuit 9 and the sig- 
nal driving circuit 10 are further adapted to change the 
magnitude of the voltage applied across the selected 
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portion of the liquid crystal layer while the transmissivity 
of the selected portion of the liquid crystal layer is great- 
er than the equilibrium value of the transmissivity asso- 
ciated with the first liquid crystal state. 
[0056] Figure 8(a) illustrates the strobe voltages ap- 
plied to the strobe electrodes during one frame accord- 
ing to one embodiment of the invention, and also shows 
the signal voltages applied to one of the column elec- 
trodes. 

[0057] At the start of the frame, a blanking voltage is 
applied to all pixels of the display. In the embodiment of 
Figure 8(a), all pixels are blanked simultaneously. This 
is done by applying a strobe pulse to all the strobe elec- 
trodes 6j simultaneously, to turn on all the switching el- 
ements 8y of the display, and applying a blanking voltage 
to all column electrodes 7j. 

[0058] Afterthe blanking period, there is a data period 
In which image data is written to all pixels of the display. 
In the data period the strobe electrodes are selected se- 
quentially. For example, the first strobe electrode 6 A is 
initially selected so that all switching elements whose 
gate electrode is connected to the first strobe electrode 
are switched on. Signal voltages corresponding to the 
desired image data for the first row of pixels are applied 
to the respective signal electrodes. Then, the second 
strobe electrode 6 2 is selected and image data is written 
into the second row of pixels. This process is continued 
until image data has been written into the final row (the 
[VI th row) of pixels. 

[0059] The data period is shown as lasting approxi- 
mately 2 msec in Figure 8(a), although the precise time 
will depend on the number of strobe electrodes. The 
trace of the "column 1 data voltage" in the intermediate 
portion of the data period has been omitted for clarity. 
[0060] Once the final strobe electrode has been ad- 
dressed, and image data has been written into all pixels, 
there is a switching period in which the pixels are not 
addressed. The purpose of this period is to allow the 
transmissivity of the pixels to increase towards its max- 
imum dynamic value. In this period the transmissivity of 
the pixels increases, as shown in the lower trace of Fig- 
ure 5. 

[0061] Finally, a backlight is turned on for the last por- 
tion of the frame. The intensity of the back light will be 
spatially modulated by the pixels of the device, in ac- 
cordance with the image data written Into the pixels, so 
that the device will display an image during the period 
in which the back light is on. 

[0062] At the start of the next frame, the driving proc- 
ess is repeated by blanking all pixels and applying new 
image data. 

[0063] Figure 8(b) shows a modification of the embod- 
iment of Figure 8(a). In this embodiment, rows of pixels 
are blanked sequentially, by selecting the strobe elec- 
trodes in sequence during the blanking period. 
[0064] The times for the blanking period, data writing 
period, switching period and back light - on period 
shown in Figures 8(a) and 8(b) are examples, and can 



be varied to suit a particular liquid crystal display device. 
It is, however, preferable that the durations of the peri- 
ods are set such that the back light - on period occurs 
when the transmissivity of the liquid crystal material is 

5 at or near the maximum of the transmissivity versus time 
characteristic shown in Figure 5, since this allows the 
brightness of the display to be maximised. 
[0065] The methods described with relation to Figures 
8(a) and 8(b) can be varied in many ways. For example, 

10 it is possible to apply the blanking voltage less than once 
per frame 

for example, the blanking voltage might be applied 
only every other frame. This will reduce the overall 
15 power consumption of the liquid crystal device, but 
will result in some loss of reproducibility of the grey 
scale levels of the display. 

[0066] In Figures 8(a) and 8(b) the same blanking 
20 voltage is applied to all pixels of the display. It would, 
however, be possible to apply different blanking voltag- 
es to different regions of the panel. For example, this 
could be done to alter the viewing angle properties of 
the display. Alternatively, in the case of a full-colour dis- 
25 play in which each pixel contains red, green and blue 
sub-pixels, it might be desirable to apply different blank- 
ing pulses to the red, green and blue sub-pixels making 
up one pixel. 

[0067] It would be possible to modify the structure of 

30 the device shown in Figure 7 to incorporate frame-buff- 
ering, or pixel-buffering architectures. This would allow 
pixel image data to be stored on additional capacitive 
elements of the display device for some period of time 
before being written to a pixel. 

35 [0068] In the driving scheme of Figure 8(a), the back 
light is turned on approximately 9msec after the first 
strobe electrode has been addressed (the 7msec switch 
period and almost the entire 2msec data period), but on- 
ly approximately 7msec after the M th strobe electrode 

40 has been addressed. In view of the dynamic variation of 
the transmissivity of the liquid crystal with time following 
a change in the applied voltage, this different time delay, 
for different pixels, before the start of the back light-on 
period can lead to a different brightness response at dif- 

^5 ferent parts of the liquid crystal device. In an alternative 
embodiment of the invention, that addresses this prob- 
lem, the strobe electrodes are not addressed in the se- 
quence 1 , 2, 3...M-1 , M. Instead, the rows are addressed 
in the following sequence: 1, 3, 5, 7...M, rVM, M-3...6, 

so 4, 2 (M odd), or 1 ,3, 5, M-1 , M, M-2 6, 4, 2 (M even). 

Thus, the first and second strobe electrodes are ad- 
dressed at the start of the data period and at the end of 
the data period respectively. By addressing the strobe 
electrodes in this way, any brightness variation in a par- 

55 ticular row of pixels will tend to be compensated by ad- 
jacent rows of pixels, since adjacent rows of pixels will 
have been addressed at different times and so will be 
at different points along the transmissivity versus time 
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characteristic. 

[0069] In the embodiments of Figures 8(a) and 8(b) 
the backlight is on only during the backlight-on period. 
In an alternative embodiment, it would be possible for 
the backlight to be left on throughout the duration of the 
frame. 

[0070] In an alternative embodiment, one or more 
flashed back-lights can be used during the back light - 
on period, as described by K. Sueoka et al in "Improving 
the Moving-Image Quality of TFT-LCDs" in "Proceed- 
ings of international Display Research Conference" 
1997, pp 203-206. The use of a flashed back light with 
a liquid crystal display can lead to improved image qual- 
ity, owing to the way in which the human eye and brain 
perceive motion of an image. 

[0071 ] In the embodiments shown in Figures 8(a) and 
8(b), a blanking pulse is applied at the start of each 
frame, to simplify the task of ensuring that identical ap- 
plied voltages lead to idenlical transmissivilies in differ- 
ent frames. In principle, however, blanking can be ap- 
plied less than once in each frame, or even omitted com- 
pletely, provided that some record of the voltage history 
of a pixel is obtained. If a record of the pixel's voltage 
history is kept, this record will enable the director struc- 
ture in the pixel to be determined before applying a par- 
ticular voltage, so that the effects of applying the new 
voltage can be determined with reasonable certainty. 
[0072] In order to maintain a record of the pixel's volt- 
age history and thus allow the frequency of the blanking 
voltages to be reduced, or even allow the complete elim- 
ination of blanking voltages, it is possible to associate 
memory and/or computing power with the display for the 
purpose of keeping a record of the director structure in 
the pixel. For example, a RAM chip could be bonded to 
the substrate of the display, or a silicon substrate having 
computational circuitry etched into it could be used in 
place of a conventional glass substrate. 
[0073] The invention has so far been described with 
reference to a surface mode liquid crystal display in 
which the twist angle of the liquid crystal molecules is 
180°. However, surface mode operation can be 
achieved for liquid crystal displays having twists of other 
than 1 80°, and the present invention is therefore not in- 
tended to be limited to a display having a twist angle of 
precisely 180°. For example, European Patent publica- 
tion EP-A-0 816 906 discloses a surface mode LCD hav- 
ing a twist other than 180°, and the present invention 
can be applied to such a device. 
[0074] In the liquid crystal display devices described 
above, the pre-tilt angles on the two substrates are sub- 
stantially equal, usually less than 45° and typically in the 
range 2-10°. The invention can, however, bo applied to 
a pi-cell in which the pre-tilt angles on the two substrates 
are different. For example, the pre-tilt angle on one sub- 
strate can be substantially 0°. It is also possible for the 
substrates to have a sub-pixelated alignment of the type 
disclosed in Japanese patent application JP-H11 150 
722 (filed 28 May 1999). 



[0075] The embodiments described above relate to a 
transmissive display device. The invention is not, how- 
ever, limited to a transmissive device, but may be ap- 
. plied to a reflective or transflective device. 
5 [0076] In the embodiments described above, the dis- 
play is a pixellated display that includes an active matrix 
substrate for driving the individual pixel electrodes. The 
invention is not limited to this particular display. For ex- 
ample, rather than providing each pixel electrode with 
10 its own switching element to control the voltage applied 
to the pixel electrodes, it is possible to use an array of 
gas-filled channels to selectively apply voltages to the 
pixel electrodes, in the manner of the so-called PALC 
display described in US Patent No. 4 896 149 and GB- 

'5 A-2 326 245. 

[0077] A typical value of the thickness-to-pitch ratio, 
d/p, for a 180° twist pi-cell is approximately 0.25. Al- 
though a value of d/p = 0.5 gives an exact match be- 
tween the intrinsic pilch of the liquid crystal material and 

20 the thickness of the liquid crystal layer, it is necessary 
for the liquid crystal to conform to the rubbing directions 
of the alignment films on the two substrates. The liquid 
crystal layer in a pi-cell geometry in which the alignment 
directions of the two substrates arc parallel to ono an- 

25 other is therefore constrained to have a twist of 0° , 1 80°, 
360°, etc. In order to obtain a 180° twist, it is therefore 
only necessary to bias the pitch of the liquid crystal mol- 
ecules just enough to favour the twist angle of 180° over 
a twist angle of 0°, and this is achieved by making the 

30 value of d/p greater than 0.25. It is often preferable to 
minimise the amount of chiral dopant so as to minimise 
unwanted residual twist at high applied voltages, and for 
this reason it is common to use a d/p value of slightly 
greater than 0.25 in order to obtain a 1 80° twist in a pi- 

35 cell device. The d/p value of the liquid crystal cell may 
be selected so as to optimise the extent of the variation 
of the transmissivity with time following a change in the 
applied voltage. This allows the temporal variation of the 
transmissivity to be matched to the duration of a frame 

^0 and to the duration of the blanking period. 

[0078] Figure 9 shows the temporal variation of trans- 
missivity of a pi-cell containing a 6.3jim thick layer of 
liquid crystal E7, with the pre-tilt angle at each substrate 
being 5*. Figure 9 shows the variation in the brightness 

45 when the applied voltage is changed from 5.5V, for three 
values of the ratio d/p. The curve having the ratio d/p = 
0 relates to a liquid crystal layer having a twist angle of 
0° (and thus an infinite pitch), and is therefore outside 
the scope of this invention. The curve for d/p = 0 has 

so been included for comparison purposes. 

[0079] It will be seen that the smaller is the d/p ratio, 
the slower is the rate of decrease of the transmissivity 
from its peak value. That is. a lower d/p ratio results in 
less temporal variation in the transmissivity of the liquid 

55 crystal layer once the peak transmissivity has been 
reached, so that selecting a low, but finite, d/p value will 
minimise the variation in transmissivity that occurs over 
the duration of a frame. For a relatively long frame time, 
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or when using a flashed backlight when the lamp is illu- 
minated for a relatively long period of time, it is therefore 
best to use a liquid crystal layer with a low d/p ratio to 
minimise variations in transmissivity over the frame, 
whereas for short frame times liquid crystal layers with 
higher d/p values can be used. 

[0080] Another factor which affects the temporal var- 
iation of the transmissivity of a liquid crystal layer when 
the applied voltage is changed from a blanking voltage 
v biank to a new voltage V new is the value of V b , ank . The 
temporal variation in the transmissivity will also depend 
upon the viscous properties of the liquid crystal material, 
and these will be affected by the temperature of the cell. 
The effect of changes in temperature upon the temporal 
variation of the liquid crystal material after switching can 
be important - a liquid crystal panel used in a projection 
system, for example, can undergo a considerable 
change in temperature when the projection lamp is 
turned on. In a further embodiment of the invenlion, 
therefore, the magnitude of the blanking" voltage is var- 
ied as the temperature of the panel is varied, to com- 
pensate for the changes in the viscous properties of the 
liquid crystal. 

[0081] The temporal variation of the transmissivity of 
the liquid crystal layer after switching is also affected by 
the three elastic constants of the liquid crystal material. 
It is therefore desirable to select the elastic constants of 
the liquid crystal material to optimise the temporal vari- 
ation of the transmissivity. 

[0082] The liquid crystal layer of a device to which the 
driving method of the invention is applied may contain 
a polymer material. For example, the liquid crystal layer 
may contain a reactive mesogen polymer material which 
is itself chiral and which contributes to the twist of the 
liquid crystal molecules. 

[0083] It is also possible to compensate for variations 
in operating temperature of the device by selecting a chi- 
ral dopant that induces a temperature-dependent pitch 
in the twist of the liquid crystal molecules. The viscosity 
of a liquid crystal material generally increases with tem- 
perature, and this effect can be counteracted by select- 
ing a chiral dopant that induces a pitch which decreases 
with temperature in the liquid crystal. 
[0084] Although the present invention has been de- 
scribed with particular relevance to a pi-cell, it can be 
applied to other surface - mode liquid crystal display de- 
vices. 

[0085] In principle, the present invention can be ap- 
plied when the voltage across a liquid crystal layer is 
increased. However, a liquid crystal generally responds 
to an increase in voltage much more quickly than to a 
decrease, and the latter is therefore the rate limiting 
process in driving a liquid crystal display. 
[0086] The present invention can be applied to a sur- 
face-mode liquid crystal display device, such as for ex- 
ample a pi-cell that is disposed between first and second 
linear polarises whose transmission axis are perpendic- 
ular to one another. When a surface-mode liquid crystal 



display device is disposed between crossed linear po- 
larisers in this way, the "white" operating state of the liq- 
uid crystal layer will occur at a lower applied voltage 
across the liquid crystal layer than will the "dark" oper- 
5 ating state. The present invention provides a "white" 
state that has a greater transmissivity, and thereby in- 
creases the contrast of the device. 
[0087] When the liquid crystal device is disposed be- 
tween crossed linear polarisers, the transmission axis 
10 of the polarisers are preferably at approximately 45° to 
the optic axis of the liquid crystal layer. 
[0088] The invention has been described above with 
reference to a transmissive display device. The present 
invention is not limited to a transmissive device, howev- 
is er, but can also be applied to a surface mode liquid crys- 
tal display device that is disposed between a polariser 
and a reflector and is operated in a reflective mode. 
[0089] In the case of a reflective device, the bright- 
ness of the device is proportional to its reflectivity. The 
reflectivity, and hence the brightness, of a reflective de- 
vice can be increased in a similar manner to that de- 
scribed above for a transmissive device. 



Claims 

1. A method of driving a surface mode liquid crystal 
display device including a liquid crystal layer having 
a non-7ero twist angle, the method comprising the 
step of: 

applying a first voltage having a first magni- 
tude across the liquid crystal layer to put the liquid 
crystal layer into a first liquid crystal state; 

characterised in that it further comprises 
changing the magnitude of the voltage applied 
across the liquid crystal layer while the brightness 
of the liquid crystal device is greater than the equi- 
librium value of the brightness associated with the 
first liquid crystal state. 

2. A method as claimed in claim 1 wherein the step of 
changing the magnitude of the voltage applied 
across the liquid crystal layer is performed before 
the director of liquid crystal molecules in the centre 
in a thickness direction of the liquid crystal layer has 
substantially reached its equilibrium orientation as- 
sociated with the firsl liquid crystal slate. 

3. A method as claimed in claim 1 or 2 wherein the 
step of changing the magnitude of the voltage ap- 
plied across the liquid crystal layer is carried out af- 
ter no more than 50% of the time required for the 
brightness of the liquid crystal device substantially 
to reach the equilibrium value associated with the 
first liquid crystal state. 

4. A method as claimed in claim 1 , 2 or 3 wherein the 
step of changing the magnitude of the voltage ap- 
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plied across the liquid crystal layer is carried out af- 
ter approximately 32% of the time required for the 
brightness of the liquid crystal device substantially 
to reach the equilibrium value associated with the 
first liquid crystal state. 5 

5. A method as claimed in claim 1 or 2 wherein the 
step of changing the magnitude of the voltage ap- 
plied across the liquid crystal layer is carried out no 
later than approximately 16msec after the step of 10 
applying the first voltage. 

6. A method as claimed in any preceding claim and 
further comprising the step of putting the liquid crys- 
tal layer into a known liquid crystal state before per- 15 
forming the step of applying the first voltage. 

7. A method as claimed in claim 6 wherein the step of 
pulling the liquid crystal layer into a known liquid 
crystal state comprises applying a blanking voltage 20 
to the liquid crystal layer. 

8. A method as claimed in claim 7 wherein the magni- 
tude V blank of the blanking voltage is dependent on 

the temperature of the liquid crystal layer. 25 

9. A method as claimed in any preceding claim where- 
in the liquid crystal layer contains a chiral dopant. 

10. A method as claimed in claim 9 wherein the chiral 30 
dopant has a temperature dependent pitch. 

11. A method as claimed in claim 10 wherein the vis- 
cosity of the liquid crystal layer increases with the 
temperature of the liquid crystal layer, and the pitch 35 
induced by the chiral dopant in the liquid crystal de- 
creases with temperature. 

12. A method as claimed in claim 9 wherein the chiral 
dopant induces a twist in the director of the liquid 40 
crystal molecules having a pitch p such that d/p = 
0.25, where d is the thickness of the liquid crystal 
layer. 

13. A method as claimed In claim 9 wherein the chiral *s 
dopant induces a twist in the director of the liquid 
cryslal molecules having a pitch p such thai d/p > 
0.25, where d is the thickness of the liquid crystal 
layer. 

50 

14. A method as claimed in claim 9 wherein the chiral 
dopant induces a twist in the director of the liquid 
crystal molecules such that 0.25 <, d/p <, 0.5. 

1 5. A method as claimed in any preceding claim where- 55 
in the twist angle of the liquid crystal layer is sub- 
stantially 180°. 



16. A method as claimed in any preceding claim where- 
in the liquid crystal display device is an active matrix 
display device comprising an array of pixels each 
pixel defined by a corresponding pixel electrode 
(Sjj), M strobe electrodes (6j) and N signal elec- 
trodes (7j) , the method comprising, in a frame, the 
steps of: 

a) applying a blanking voltage to each of the 
pixels; 

b) applying a respective signal voltage corre- 
sponding to desired image data to each of the 
pixels; 

c) allowing the liquid crystal molecules to switch 
states; and 

d) displaying the image. 

17. A method as claimed in claim 16 wherein step (a) 
comprises applying the blanking voltage substan- 
tially simultaneously to all pixels. 

18. A method as claimed in claim 16 wherein step (a) 
comprises applying the blanking voltage to pixels 
associated with each strobe electrode in sequence. 

19. A method as claimed in claim 16, 1 7 or 1 8 wherein 
step (b) comprises applying the signal voltages to 
pixels associated with each strobe electrode in the 
sequence 1,3, 5....M, M-1, M-3 } ...6, 4, 2(M odd) or 
1,3, 5... M-1, M, M-2,... 6, 4, 2 (M even). 

20. A method as claimed in any of claims 16 to 19 
wherein the combined duration of steps (a) to (d) is 
substantially 16msec and the duration of step (c) is 
substantially 7msec. 

21. A method as claimed in any of claims 16 to 20 
wherein the display device comprises a backlight, 
and the backlight is on during all of steps (a) to (d). 

22. A method as claimed in any of claims 16 to 20 
wherein the display device comprises a backlight 
wherein the backlight is on for only part of a frame. 

23. A method as claimed in claim 22 wherein the back- 
light is off during step (a). 

24. A method as claimed in any preceding claim where- 
in the device is a pi-cell. 

25. A surface mode liquid crystal display device com- 
prising: a liquid crystal layer having a non-zero twist 
angle; means (6,, 7j, 8 } j, 9, 10) for applying a first 
voltage having a first magnitude across a selected 
portion of the liquid crystal layer to put the selected 
portion of the liquid crystal layer into a first liquid 
crystal state; and means (6 h 7j, 8y, 9, 10) for chang- 
ing the magnitude of the voltage applied across the 
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selected portion of the liquid crystal layer while the 
brightness of the part of the liquid crystal device cor- 
responding to the selected portion of the liquid crys- 
tal layer is greater than the equilibrium value of the 
brightness associated with the first liquid crystal 5 
state. 
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(54) A method of driving a liquid crystal display device and a liquid crystal display device 



(57) A method of driving a display device makes use 
of the dynamic variation in the brightness of a surface 
mode liquid crystal device cell having liquid crystal layer 
with a non-zero twist angle. It has been found that when 
the applied voltage across such a cell is decreased, the 
brightness does not increase smoothly to its new value, 
but instead rises rapidly, reaches a non-equilibrium 
maximum value, and then slowly decays to the equilib- 



rium value. According to the present invention, the liquid 
crystal layer is switched before the equilibrium value of 
the brightness has been reached, so as to make use of 
the non-equilibrium increased brightness and so in- 
crease the brightness of the display. 

The present invention also provides a liquid crystal 
display device having means for driving the liquid crystal 
layer so as to make use of the dynamic variation in the 
brightness of the liquid crystal device. 
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